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Greenfield filter, which was designed to be implanted in
the adult IVC, be safely used in children? The purpose of
the present study was to evaluate the long-term efficacy
and safety of the Greenfield filter in children.
MATERIALS AND METHODS
After approval from the UMass Memorial Human
Subjects in Research Committee, the records of patients
who were 18 years of age or younger at the time of place-
ment of a Greenfield IVC filter, between 1983 and 1999,
at the UMass Memorial Medical Center were reviewed.
The presence of DVT was determined by either duplex
ultrasound scan or venography. Duplex ultrasound scan-
ning was performed using a 4.5-MHz probe scanning the
common and superficial femoral vein from the inguinal lig-
ament to the distal popliteal vein. Grayscale was used to
assess venous compression. Color imaging was used to
identify venous blood flow. The criteria for the diagnosis of
DVT were the presence of noncompressibility of the vein,
presence of echogenic material within the vein lumen, and
absence of venous blood flow. The diagnosis of pulmonary
embolism was confirmed by a Tc-99m ventilation-perfu-
sion scan. Interpretation was done using the Biello criteria
before 199013 and the Prospective Investigation of
Pulmonary Embolism Diagnosis criteria thereafter.14
Follow-up data were collected through interviews,
physical examinations, and venous duplex scans of the
lower extremities, iliac veins, and IVC, to look for chronic
The management of patients with deep venous throm-
bosis (DVT) and pulmonary embolism has been well
established for the adult population.1-3 Most patients can
be adequately treated with long-term anticoagulation
therapy to effectively prevent pulmonary embolization.
When anticoagulation is contraindicated, or when pul-
monary embolization occurs in spite of therapeutic anti-
coagulation, placement of an inferior vena cava (IVC)
filter is a safe and effective alternative treatment.4-7
DVT occurs less frequently in children than in adults,
but when it does, it has the same potential for pulmonary
embolization and death.8-12 Anticoagulation with heparin
and Coumadin is standard therapy for the treatment of
DVT in children, just as it is in adults. Occasionally, how-
ever, anticoagulation therapy is ineffective in protecting
against a pulmonary embolism or is contraindicated
because of hemorrhage or recent trauma. Can the
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Objective: The long-term results of Greenfield inferior vena cava (IVC) filter placement have been well documented in
adults; however, similar data do not exist for pediatric patients. The potential for growth and the increased life
expectancy in younger patients may contribute to a difference in the natural history of filters placed in children. The
objective of this study was to evaluate the long-term outcome of pediatric patients with IVC filters.
Methods: At the University of Massachusetts Memorial Medical Center, medical records and radiographs of patients 18
years old or younger at the time of IVC filter placement were reviewed. Follow-up data were obtained by interview,
physical examination, and venous duplex ultrasound scanning.
Results: A total of 15 IVC filters were placed in children 18 years old or younger between 1983 and 1999. In 10
patients the indications for IVC filter placement were lower-extremity deep venous thrombosis (DVT) and/or pul-
monary embolism. In five patients, prophylactic filters were placed in the absence of DVT because of a high risk for
the development of pulmonary embolism. Surgical exposure of the right internal jugular vein was used to place the first
eight filters. The remainder were inserted percutaneously through the right internal jugular vein or the right common
femoral vein. There were no complications or mortality related to filter insertion. Follow-up of the surviving 14
patients ranged from 19 months to 16 years. During long-term follow-up, no patient had a pulmonary embolus. Of
the nine patients who had lower-extremity DVT, three developed mild common femoral venous reflux documented by
duplex scan. Of the five patients who had prophylactic filters, four had no symptoms or duplex evidence of reflux. The
other patient, who was paraplegic, had bilateral leg edema but no venous varicosities and no reflux on duplex scan 11
years after filter placement. No patient in either group had chronic venous obstruction.
Conclusion: In long-term follow-up there were no instances of pulmonary embolism, IVC thrombosis, significant post-
phlebitic symptoms, or significant filter migration among 14 pediatric patients with Greenfield IVC filters. This sug-
gests a safety profile and efficacy similar to that seen in adults. (J Vasc Surg 2001;34:820-5.)
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obstruction or valvular insufficiency. The diagnosis of
venous reflux was made by demonstrating reversal of
venous flow during Valsalva’s maneuver. Follow-up
abdominal radiographs were not obtained to avoid radia-
tion exposure.
RESULTS
Greenfield IVC filters were successfully placed in 15
patients aged 8 to 18 years (mean, 15.6 years). Follow-up
ranged from 19 months to 16 years (mean, 9.2 years).
Eleven of the patients were male. The indication for filter
placement was DVT and a contraindication to anticoagu-
lation therapy in 10 patients. Of these, three also had a
pulmonary embolus. Seven of these 10 patients were at
high risk for sustaining a hemorrhagic complication
because of multiple trauma or closed head injury. One
patient could not be anticoagulated because of heparin-
induced thrombocytopenia; one patient with DVT had a
cerebral arteriovenous malformation; and one patient had
a bleeding complication while being treated with
Coumadin. Five trauma victims had no established DVT
but were at high risk for the development of DVT and
pulmonary embolism because of multiple lower-extremity
fractures and visceral injuries.
Placement of all filters was performed in the operating
room using fluoroscopic guidance. The type of anesthesia
used was individualized based on the patient’s medical sta-
tus, ability to be adequately sedated, and level of cooper-
ation. The first eight filters were made of stainless steel
and were placed by surgical exposure of the right internal
jugular vein using the 24-French insertion device. The last
seven filters were placed percutaneously with a 12-French
system using either the right internal jugular vein or the
right femoral vein approach. In the second group, five fil-
ters were titanium and two were stainless steel. Filters
were deployed in the infrarenal IVC in each case. There
were no complications of filter insertion, no occurrences
of insertion site thrombosis or hemorrhage, and no mor-
tality related to IVC filter placement.
One patient died 6 years after filter placement because
of late sequelae of a head injury. Complete follow-up was
obtained from all of the surviving patients. Neither vari-
cose veins, leg edema, nor leg ulceration developed in any
of the 14 survivors. No patient had any symptoms of pul-
monary embolism.
Each patient underwent a physical examination
(Table). The youngest patient who had the most recently
placed filter, at 8 years of age, still complained of mild leg
edema ipsilateral to a previously thrombosed common
femoral vein 19 months after diagnosis of DVT. None of
the others with an established diagnosis of DVT had any
abnormality on physical examination. In the five patients
with a prophylactic IVC filter, one paraplegic patient had
mild bilateral lower-extremity edema, probably caused by
his lower-extremity paralysis. Thus, only one of 14
patients had clinical evidence of a mild postphlebitic syn-
drome.
Duplex ultrasound scan was performed on the IVC,
iliac, and femoral veins in all surviving patients to identify
the position of the IVC filter and to assess venous patency.
Fig 1. Grayscale ultrasound scan of a Greenfield filter within the
lumen of an infrarenal IVC. The head of the patient is to the left.
Fig 2. Schematic diagram of a Greenfield filter in a vena cava
with D representing the distance from the left renal vein to the
apex of the filter. The head of the patient is at the top.
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The vena cava and iliac veins were patent in each (Fig 1).
Filter position was evaluated by measurement of the dis-
tance from the apex of the filter to the lower edge of the
left renal vein (Fig 2). The distances ranged from 4 mm
cephalad to 13 mm caudal to the left renal vein. The feet
of each filter remained in an infrarenal position in every
case, suggesting an absence of significant migration of any
filter including the longest follow-up, which was 16 years
(Fig 3).
Duplex ultrasound scan of the proximal deep leg veins
was performed to look for evidence of venous obstruction
and valvular incompetence. In the five patients whose fil-
ter was placed prophylactically, no sonographic abnormal-
ities were identified. Among the nine patients with DVT,
three had mild left common femoral vein reflux. One of
those three patients had recanalization of an occluded left
common femoral vein 19 months after diagnosis of DVT.
Plain abdominal radiographs taken at the time of filter
placement were available for only two of the patients.
Coincidentally, these were the two youngest patients, ages
8 and 10 years, and the smaller of these weighed 28 kg.
The diameters of the base of the filter were 15 and 16 mm,
respectively, within published size limits for the safe
deployment of the Greenfield IVC filter (Fig 4).15,16
DISCUSSION
Greenfield filters have been followed for up to 20 years
in adults, and the long-term results have been well defined.
Greenfield et al4 have found that the incidence of late pul-
monary embolization is 4% and the incidence of vena
cava/iliac vein occlusion is 3.6%. Postphlebitic sequelae
such as lower-extremity edema occurred in 45%, venous
stasis ulceration in 5%, significant filter migration or tilting
has been noted in 5%, and filter deformation/fracture has
been seen in 2% of patients.4 The difficulty in studying IVC
filter placement in children is a result of the relative rarity
of DVT in pediatric patients. Rohrer et al8 found the inci-
dence of DVT in hospitalized children to be only 5 in
10,000 pediatric hospital admissions. Andrew et al9 have
found that the incidence of DVT in hospitalized children
in Canada was 5.3 per 10,000 admissions.
In this study, the two smallest patients had vena caval
diameters large enough to accommodate a Greenfield fil-
ter. The smallest child weighed 28 kg, and his IVC was 15
mm in diameter. Greenfield et al have experimentally
placed filters in dogs with IVC diameters as small as 11.8
mm15 and in lambs with IVC diameters of 7.9 mm.16
Steinberg et al17 have measured the IVC, iliac, and
femoral veins in children by computed tomography scan.
They found that the average size of the IVC in a 6-year-
old child was 17.2 mm in diameter and 142 mm long. The
average femoral vein diameter was 7.7 mm. The currently
available 12-French insertion device has an external diam-
eter of 3.8 mm; consequently, the femoral vein and IVC in
a 6-year-old child should theoretically be able to accom-
modate a Greenfield filter. However, the size of the vena
Follow-up data after IVC filter placement 
Age at filter Abnormal Abnormal
placement (y) Sex Indication physical findings duplex scan Follow-up
10 Male DVT/CHI None None Alive 2 y later, 
cerebral palsy
18 Female DVT/multiple fractures, retroperitoneal bleed None None Alive and well 11 y later
17 Female Prophylactic/CHI, femur fracture None None Alive and well 13 y later
18 Male DVT/CHI, spleen laceration NA NA Expired 6 y later
18 Male DVT/CHI, femur fracture None None Alive 5 y later, mental 
retardation, 
cerebral palsy
18 Male Prophylactic/L1 fracture, Bilateral leg None Alive 11 y later, 
liver and spleen lacerations edema T-9 paraplegic
8 Male DVT/cerebral AVM with hemorrhage Ipsilateral Femoral vein Alive and well 
(left) leg edema recanalization, 19 mo later
mild reflux
17 Male Prophylactic/multiple fractures, None None Alive and well 
splenic laceration 13 y later
13 Male DVT/PE with heparin-induced None Trace femoral Alive and well 
thrombocytopenia vein reflux 6 y later
15 Male Prophylactic/CHI, leg fracture None None Alive 11 y later, 
mild mental retardation
16 Male DVT/PE, C4-5 fracture None None Alive 16 y later, 
c5 quadriplegic
18 Female Prophylactic/multiple fractures, None None Alive and well 
liver laceration 12 y later
17 Male DVT/CHI, multiple fractures None None Alive and well 5 y later
15 Female DVT/PE, bleeding on Coumadin None None Alive and well 16 y later
18 Male DVT/CHI None Trace femoral Alive and well 
vein reflux 16 y later
CHI, Closed head injury; AVM, arteriovenous malformation; PE, pulmonary embolism.
cava is a more important factor than the age of the patient
in deciding whether a Greenfield filter can be placed in a
child. At the time most of the filters were placed, we did
not have digital C-arm equipment and electronic calipers.
The use of a marker angiographic catheter would allow
precise measurement of the dimensions of the IVC.
Two previous studies have focused on the use of IVC
filters in children. Reed et al18 report the use of eight fil-
ters in children ranging in age from 6 to 16 years, and
Tracy et al19 report 11 filters in patients ranging from 13
to 18 years in age. Follow-up in the Reed series was 2 to
13 months and in the Tracy series, 1 to 11 years.18,19
Tracy et al found no caval obstruction or evidence of pul-
monary embolization. They did note an improperly placed
filter into a renal vein in one patient before the use of
guidewires. In the study by Reed et al, there were no com-
plications attributable to IVC filter placement and no pul-
monary emboli. The results of the present study confirm
the protective value of IVC filters and caval patency
observed by Reed et al and Tracy et al. The present study
found that the filters provided protection from pulmonary
embolization, no complications of IVC filter insertion,
and caval patency in all patients at the time of follow-up.
In addition, there were no physical signs or symptoms of
chronic venous stasis. Of the nine patients who had DVT,
only one child had leg edema that was noted 19 months
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after IVC filter placement, probably as a consequence of
the original DVT and not a result of IVC filter placement.
In the patients who underwent IVC filter placement for
prophylaxis, there were no abnormalities of the venous cir-
culation. Thus, the late morbidity of venous stasis appears
to be related to the pre-existing DVT and not caval
obstruction from the filter.
When a filter is placed in a young person, there may be
a potential for filter migration or perforation of adjacent
structures as the patient grows. Unfortunately, radio-
graphic documentation of the effect of growth on original
filter position and morphology was not possible because
most of the original postoperative radiographs had been
destroyed. As an alternative to radiography, duplex ultra-
sound scanning was performed. The feet of each filter
remained in an infrarenal position in each case, suggesting
an absence of significant migration of any filter including
the longest follow-up. Furthermore, neither of the studies
by Reed et al or Tracy et al commented upon filter migra-
tion in children.18,19 The prophylactic placement of IVC
filters in high-risk but asymptomatic patients is controver-
sial, both in adults and children. In adults, Velhamos et
al21 showed in a meta-analysis only a 1.3% decrease in the
rate of pulmonary embolism after prophylactic filter
Fig 3. Color-flow duplex ultrasound scan with patent IVC with
tip of Greenfield filter seen just distal to the left renal vein (LRV).
The patient is scanned from the right flank while in left decubitus
position. The head of the patient is to the left.
Fig 4. Postdeployment abdominal radiograph with filter in small
IVC (15 mm).
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placement in 321 treated patients with spinal cord injuries
versus 1083 patients without IVC filters. On the other hand,
Rodriguez et al22 detected only one pulmonary embolus
and two deaths in a group of 40 high-risk trauma patients
with prophylactic filters compared with 14 emboli and 13
deaths among 80 untreated high-risk trauma patients.
Similar data comparing the protective value of prophylactic
IVC filters in children are not available. Although the over-
all incidence of DVT in children is much lower than in
adults, the risk of DVT after trauma may be similar.9 In fact,
in the present series, 13 of 15 children were trauma victims,
9 of whom developed DVT. Furthermore, the Canadian
Registry of Venous Thromboembolic Complications indi-
cates that the risk of DVT in teenagers is higher than in
younger children.9 These data suggest that prophylactic IVC
filters may be beneficial in the subgroup of older children
who are the victims of severe trauma, particularly involving
the lower extremities or central nervous system.
There are several limitations of this study. First, this is
a retrospective report of a small group of patients. The
duration of follow-up is variable, ranging from 19 months
to 16 years. Second, there is a lack of data from the time
of filter insertion with regard to its precise original posi-
tion and orientation; therefore, precise evaluation of filter
migration and tilting is not possible. Lastly, strut fracture
could not be evaluated because follow-up radiographs
were not taken.
Based on our data, Greenfield IVC filters may be safely
implanted in children as young as 8 years of age, and the-
oretically in those as young as 6 years of age. The tech-
nique for placement is the same as for adults. A small
subgroup of patients with central nervous system and
lower-extremity trauma who are at high risk for the devel-
opment of DVT and pulmonary embolism may benefit
from prophylactic placement of an IVC filter. Lastly,
duplex ultrasound scanning measurements of the apex to
left renal vein distance offer a noninvasive means to assess
filter migration without the limitations of parallax or expo-
sure to radiation involved with serial radiographs. This
technique should be validated by comparison with plain
abdominal radiographs or computed tomography scan-
ning before it can be recommended for general use.
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Dr Mitchell D. Cahn. Thank you, Dr Greenfield, for your
comments. In regard to your question about patients with malig-
nancy, we did not have any patients with malignancy in our study.
For those patients who had filters placed using the original
24-French system, the earlier patients in the study were older,
between 15 and 18 years of age. There were no technical prob-
lems accessing the right internal jugular vein and placing the fil-
ter. There were no patients who required an open inferior vena
cava interruption.
There are several possible reasons why there was a lower inci-
dence of chronic venous stasis disease in this group of patients.
The patients were mostly trauma victims and did not have predis-
posing hypercoagulable states and have had only single episodes
of deep vein thrombosis. Perhaps it was simply that the follow-up
period was only 9.2 years on average and the patients are still in
their teens to 30s. As they get older, more evidence of chronic
venous stasis may develop.
The benefit and safety of placement of suprarenal IVC filters
in potentially childbearing women has been well studied, and
there have not been a significant number of reported complica-
tions of infrarenal IVC filter placement in this group. It is clear
that a vena cava compressed by a gravid uterus would make
infrarenal filter placement difficult and we would place a filter
suprarenally in a pregnant patient. Generally, it has been our prac-
tice to place infrarenal filters in female patients. In addition, four
girls had their filters placed prior to the publication of Dr
Greenfield’s paper on suprarenal filter placement.
Finally, there may be potential benefits of temporary filter
placement in these patients. However, there are still no filters
available in the United States that are FDA-approved as remov-
able.
Once again, thank you.
Dr Mark Meissner (Seattle, Wash). I had two questions for
you. Number one, in your slides in the methods, I did not see
what the mean length of follow-up of these patients was. I only
saw a range. It was also unclear to me whether all patients were
ultrasounded.
Secondly, I think it is very important to recognize that deep
venous thrombosis in children may be very different than in
adults primarily because their coagulation system is very different.
If you measure markers of thrombin generation, they are often
much lower in children. I think that needs to be considered.
Third, in view of your second conclusion, which is that filter
placement should be considered in children, I think that is inap-
propriate for this type of study. This is a retrospective review
which may be valid for hypothesis building but not for generaliz-
able clinical recommendation. I think it is very inappropriate to
make clinical recommendations based upon a retrospective study
without prospective validation. I think it is potentially dangerous.
Dr Cahn. The mean length of follow-up was 9.2 years. Each
of the 14 surviving patients underwent a duplex ultrasound.
We stand behind our statement that placement of a prophy-
lactic inferior vena cava filter may be of benefit in a subgroup of
pediatric patients. These are patients in their later teen years who
have a combination of lower-extremity trauma, a contraindication
to adequate deep vein thrombosis prophylactic, and who could
not have adequate surveillance duplex scans. This is because of
the higher risk of deep vein thrombosis in older children and the
safety of inferior vena cava filter placement demonstrated by this
and previous studies.
Unidentified speaker. Have you looked at some of the
smaller delivery systems? Particularly, I think this would be valid
in children—the trapeze filter, I think it is a 6-French, a much
smaller delivery system and whether that would be more appro-
priate. And did you do any duplex follow-up of the jugular vein
at the time of delivery? Some of your patients had delivery
through the jugular vein. I am just curious if you looked at that
with a duplex.
Dr Cahn. There certainly is potential benefit in using a smaller
delivery system; however, percutaneous placement of Greenfield
filters is possible even in patients as young as 8 years of age or per-
haps even younger. We have not used these new filters in these
patients since they were not available at the time of placement of
the filters we have reported.
We did not perform duplex scans of the jugular vein either at
the time of filter placement or at follow-up. This may be helpful
in determining if the vein is large enough for percutaneous filter
placement.
DISCUSSION
